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|We have identified human and rat DNAs encoding two 
: ^b?el members of the eph subclass of putative receptor 
77, 5201- "^fe^jBrotein-tyrosinc kinases, Rat cDNA clones encoding eek 
:{gpA- and ift-related kinase) were isolated from a brain 
IpjiNA library probed with DNA encoding the kinase 
Jiegion of the insulin receptor-related receptor. The pre- 
gdfcted eek protein contains all the amino acid residues 
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^pionserved in the catalytic domains of protein-tyrosine 
^ ":|anases and is most similar to two putative receptor 
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* ^%£jtod eph (57%). Human genomic DNAs encoding part of 
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(EEK) as well as another putative protein-tyrosine 
;4iBase most similar to elk (90%), ERK ^-related 
: |^|ffiase), were isolated and partially characterized. The 
jf^aovel identity of these two ^-family genes was further 
l^li^PP 01 "^ hy Southern blot analyses and localization to 
iW^lfflnan chromosome 1. In Northern blot analysis of rat 
riUNA, DNAs encoding rat eek and human ERK hybrid- 
Jfesd to transcripts most abundant in brain and lung, 
^l^spectively. These two new members of the eph subclass 
J^f receptor protein-tyrosine kinases, eek and erk, may 
tlt^ re * ore tissue-specific functions distinct from 

||&ose of other eph family members. 



duction 

: :#if;y^ otein " t y rosine kin ases (PTKs) are structurally and 
'"' ' ''^^^ionally related enzymes intimately involved in 
jfal transduction. Initially discovered as transforming 
jfeteins of acutely oncogenic retroviruses (Hunter & 
&oper, 1985), altered versions of cellular PTKs have 
jP| been implicated in the etiology of certain human 
"'fancies (e.g., Konopka et ai, 1984; Martin-Zanca 
ty> f986). Under physiological conditions, some 
p function as receptors for a variety of hormones 
growth factors to alter such diverse cellular pro- 
is as metabolism, growth and differentiation 
<N & Ullrich, 1988). Ligand binding to the extra- 
$*r region of receptor PTKs somehow activates the 
p^smic catalytic domain to phosphorylate specific 
"Tates such as the GTPase activating protein 
Kazlauskas et ai, 1990), phospholipase Cy 
ihelder et al., 1989) and phosphatidylinositol 3- 
(Augeret aU 1989). 

•tor PTK subclasses, defined on the basis of 
|ral similarity (Hanks et ai, 1988; Yarden & 
% 1988; Ullrich & Schlessinger, 1990), include 
J>f the epidermal growth factor receptor (EGFR), 
Igsulin receptor (IR), and the platelet-derived and 
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fibroblast growth factor receptors (PDGFR, FGFR). 
Within these subclasses are putative receptor PTKs 
whose presumptive ligands are unknown (Hanks et at 
1988; Ullrich & Schlessinger, 1990). Insight into the 
function of these putative receptors will be facilitated if, 
as expected, family members that exhibit limited diver- 
gence play similar roles in cellular physiology (Hanks et 
ai, 1988). It is likely, however, that the elucidation of 
the functional roles of these PTKs will continue to be 
outpaced by their rate of discovery. 

The eph PTK defined a new receptor PTK subclass 
(Hirai et ai, 1987) which on the basis of structural simi- 
larity also includes elk (Letwin et ai, 1988). The eph full- 
length cDNA predicts a transmembrane receptor PTK 
featuring a single Cys-rich region in the extracellular 
domain and an uninterrupted PTK domain (Hirai et ai, 

1987) . Two lines of evidence suggest that eph may be 
involved in oncogenesis: eph is overexpressed in several 
human carcinomas (Hirai et ai, 1987; Maru et ai, 

1988) ; and overexpression of the eph gene enabled 
NIH3T3 cells to form tumors in nude mice and colonies 
in soft agar (Maru et ai, 1990). 

We report the isolation and characterization of rat 
cDNA clones encoding a novel PTK, eek, whose pre- 
dicted amino acid sequence within its kinase domain 
exhibits extensive similarity with the sequence of recep- 
tors belonging to the eph subclass of PTKs. Human 
DNAs encoding eek (EEK) as well as another novel 
member of the eph subclass, erk, have been isolated and 
used to localize both the EEK and ERK genes to 
human chromosome 1. The tissue-specific expression of 
these two new members of the eph subclass of receptor 
PTKs is distinct from other known members of the eph 
family; eek expression is brain-specific and erk mRNA 
is most abundant in lung. 



Results and discussion 

To identify previously unknown PTKs, we used a DNA 
probe encoding the kinase region of the insulin 
receptor-related receptor (IRR, Shier & Watt, 1989) to 
screen at reduced stringency a rat brain cDNA library. 
PTKs are abundant in the central nervous system and 
have been implicated in such brain-specific functions as 
myelination and neuronal differentiation (Nairn et ai, 
1985; Edwards et a/., 1988). Nucleotide sequence 
analysis of the entire insert DNA (867 bp) of one cDNA 
clone which hybridized with the IRR probe, >lreek.l8, 
revealed a single open reading frame encoding 289 
amino acids. Subsequent screening f another rat brain 
cDNA library with the insert DNA of >lreek.l8 identi- 
fied an overlapping ci ne, Areek.32, that extended the 
sequence 3' by 249 nucleotides to a stop codon and a 
further 1.7 kb to a putative polyadenylation signal. The 
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Figure 1 Predicted amino acid sequences of rat eek, human eek, and human erk, aligned with those of the closely related rat elk 
(Letwin et < 1988) and human eph (Hirai et aL 1987). The rat eek sequence numbered from I is from jLreek.18 with the addition of 
the 3'-mosi 83 ammo acids from Areek.3Z Sequences were aligned using the GAP programme from the University of Wisconsin : 
Genetics Computer Group Sequence Analysis Software Package. Bold letters represent amino acids conserved among kinases (Hanks 
et at m&) Dots replace residues which are identical to the corresponding residues in the rat eek sequence. Hyphens represent gaps 
introduced in sequences to maximize alignment. Triangles demarcate exons DI to D5 of the eph gene (Maru el at.. 1988): closed. . 
conserved among eph family members where known; open, not conserved. The nucleotide sequences for rat eek, human EEK and 
human ERK have been submitted to the GenBank™/EMBL Data Bank with accession numbers X59290, X5929I and X59292 



composite predicted protein (Figure 1) contains all the 
amino acid residues conserved in the catalytic domains 
of PTKs (Hanks et aL, 1988) including the potential 
ATP binding site (Gly 9 -X-Gly-X-X-Gly 14 and Lys 34 ). 
In addition, two sequences (Asp 127 -Leu-(Ala-Ala-Arg)- 
Asn 132 and Pro^Mle-Arg-Tip-Thr-AIa-Pro-GIu 175 , 
Figure 1) specifically conserved in tyrosine rather than 
serine/threonine kinases as well as a potential phos- 
phorylation site, Tyr 160 , at a position analogous to the 
major aut phosphorylation site in ppdO*"** (Smart et 

Material may be protected by 



aL, 1981), are also present. A computer search " 
sequence databases (EMBL, GenBank and SWB$ 
PROT, December 1990) revealed that we had identiS^ 
a novel protein that exhibits striking amino acid sifl$* 
larity in its kinase domain to members of the eph sufe 
class of receptor PTKs, elk and eph (69% and 57„ : 
identity, respectively; also see Figure 1). This putati- 
PTK is less similar to PTKs of other receptor as welT 
non-receptor subclasses: ^32% to 34% identity to ^ 
resentative members of the IR, EGFR, PDGFR, cL 
pyrigm tew (Title 1 7, U.S. Code) -I 



NOVEL PROTEIN TYROSINE KINASES EEK AND ERK 



1059 



subclasses; and ~40% to 43% with those of the 
PizW, and fps/fes subclasses (Figure I; Hanks et ai, 
^ Kornbluth et ai y 1988). The similarity between 
M*»d the other eph family members, eph and elk, also 
|^ds into the carboxy-terminal tail (^43% identity, 
;:$ee Figure 1), the region thought to exert negative 
§§fc£l over receptor PTK signalling function (Ullrich 
^^Jessinger, 1990). Therefore, we have named this 
" putative PTK eek, for eph- and e/fc-related kinase, 
iuthern blot analysis of human genomic DNA 
3bd that a rat eek cDNA probe hybridized at 
fceed stringency to multiple fragments in each digest 
jjre 2A), suggesting that this rat eek probe could 
Itify several eefc-related human DNA sequences. At 
^futghest stringency at which any hybridization was 
mi with the rat eek cDNA probe, two human 
r|nts were detected in each digest (Figure 2B). 
gj|ization with a rat elk cDNA probe (Letwin et al t 
vindicated that one of these fragments encoded the 
homologue of rat elk (Figure 2C). To confirm 
the other hybridizing fragment was the human 
gfpgue of rat eek, we used rat eek cDNA as probe 
ite part of the human eek gene (EEK) from a 
genomic library. The region of human EEK 
Sologous to the rat eek cDNA probe hybridized 
lively to the fragments detected under high strin- 
gy by rat eek DNA (Figure 2B, D) that had not 
feiized with rat elk DNA (Figure 2C). 
Nucleotide sequence analysis of an ~ 1 kb fragment 
|l|pnan EEK genomic DNA that hybridized with the 
l£gek cDNA probe identified an exon which exhibits 
. identity with the rat eek cDNA (95% amino acid, 
nucleic acid, Figure 1) and much less similarity 
its closest known relative, elk (70% amino acid, 
& nucleic acid, Letwin et al, 1988). This EEK exon 
IpSponds to amino acid residues 74 to 93 of the rat 
|;rf}NA (Figure 1) and to the analogous kinase 
sain exon D2 of the eph gene (Maru et al, 1988). 
position of both intron/exon junctions of EEK 
.1)2 (gcccgcccagGC.GGgtgcgt), which are similar 
consensus acceptor and donor splice sites 
ppthnach & Chambon, 1981), are conserved between 
and the eph gene. Other genes encoding PTKs of 
ne subclass, such as the sre (Maru et al> 1988) 
%Xb& IR (Shier & Watt, 1989) subclasses, have also 
e reported to exhibit conserved exon/intron organiz- 
( throughout the entire kinase domain. 
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*jfc-2 Southern blot analysis of genes encoding members of 
&0h family. Human genomic DNA was digested with EcoRI 
p. J"X Hindi] I (lane 2) or Bglll (lane 3). Filters were hybridized 
t : £ rat eek cDNA probe (reek.Dl23p, a 246 bp PstI fragment 
"hg amino acid residues 22 to 103, Figure I) and washed at 
H[A) or at 60°C (B); with a rat elk cDNA probe (nucleotides 
^ '.letwin et aL 1988; encoding amino acid residues I- 102, see 
jtfM) (Q. with human EEK genomic DNA (hEEK.D2p. an 
i^jpb PstI fragment encoding D2) (D), or with human ERK 
: DNA (hERK..D12e, an -400 bp EcoRI fragment encod- 
of D1 and all of D2) (E) and washed at 60-62 u C 
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We also isolated another recombinant phage that 
contained human DNA which hybridized selectively to 
human genomic fragments (Figure 2E) detected only at 
reduced stringency by the rat eek cDNA probe (Figure 
2A). Analysis of the nucleotide sequence of this human 
isolate revealed that it was most closely related to the 
eph subclass member, elk (Letwin et a/., 1988); we have 
named it erk for e/fc-related kinase. Over the coding 
region sequenced, the human ERK fragment exhibited 
high identity (90% amino acid, 81% nucleic acid) with 
the rat elk cDNA (Letwin et al, 1988) and lower iden- 
tity with its next closest known relative, rat eek (74% 
amino acid, 76% nucleic acid, Figure 1). This human 
ERK genomic fragment (~400 bp from the linker to an 
internal EcoRI site) contains a single exon correspond- 
ing to part of exon Dl as well as all of exon D2 of the 
eph gene (Maru et a/., 1988). The predicted splice junc- 
tion at the end of exon D2 (CGGgtaggg) is similar to 
the consensus donor splice site (Breathnach & 
Chambon, 1981). The lack of an intron between exons 
Dl and D2 in the ERK gene was somewhat unexpected 
given that this intron is conserved between the genes 
encoding both eek (Figure 1) and eph (Maru et ai, 
1988). Possibly, an intron was lost in ERK as a result 
of reverse transcription of a partially processed pre- 
mRNA that was re-inserted downstream from a pro- 
moter sequence. A similar mechanism of intron loss has 
been implicated in the rat preproinsulin I gene (Soares 
et a/., 1985). 

We have used genomic DNAs from the human EEK 
and ERK genes and from 14 human-mouse somatic cell 
hybrids to localize EEK and ERK within the human 
genome. A DNA probe which hybridized specifically 
with the EEK gene, hEEK.D2p, detected a single PstI 
fragment only in hybrids containing human chromo- 
some 1 (l.Okb, Figure 3). Similarly, the hERK.D12e 
probe which hybridized specifically with the ERK gene, 
detected a single PstI human fragment in the same 
hybrids (4.3 kb, Figure 3). As expected, mouse-specific 
fragments which hybridized to hEEK.D2p and 
hERK,D12e were present in all hybrids (3,3 kb and 
5.8 kb, respectively, Figure 3). Among all 14 hybrids, 
chromosome 1 showed 100% concordance with EEK 
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Figure 3 Southern blot analysts of the human EEK and ERK 
genes in somatic cell hybrids. Genomic DNA from human (lane t \ 
mouse (lane 2) and human-mouse hybrid (lanes 3-10) cell lines was 
digested with Psll and hybridized with human EEK DNA 
(hEEK.D2p. top) or with human ERK DNA (hERK.D12e, 
bottom). Human chromosome 1 and the human DNA fragments 
hybridizing to EEK (l.Okb) or to ERK (4.3 kb) are concordantly 
present (lanes 3, 5, 7) or absent (lanes 4, 6\ 8-10) 
copyright few (Title 17, U.S. Code) 



1060 J. CHAN & V.M. WATT 



Tahfel Segregation of human EEK and ERK sequences with human chromosomes 



in somatic cell hybrids 



Human chromosome^ 



Gene Chromosome* 

+ + 
+ 



10 II 12 13 14 15 16 17 18 19 20 21 22 



3 4 4 0 
3 2 2 6 
3 4 4 4 

J/343 



% discordancy (<l , , 4) 0 46 43 50 57 43 50 43 43 43 38 50 36 50 36 43 57 29 $ & 43 77 
• Chromosome scored *+' if present in greater than 10% of metaphases scored " 
T Chromosomes were not scored if translocations were present in human parental cells 
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and ERK whereas ail other chromosomes were 
excluded by at least 29% discordancy (Table 1). 

Our localization of both the EEK and ERK genes to 
chromosome 1 demonstrates that these genes map to a 
chromosomal location distinct from that of the closely 
related eph gene present on human chromosome 7 
(Maru et al y 1988). In addition, it raises the possibility 
that EEK and ERK may have arisen by duplication of 
an ancestral gene. A similar gene duplication event has 
been suggested previously to have given rise to the 
genes encoding the ft type PDGFR and c-fms: both 
have been shown to be on the same chromosome in the 
human and mouse genomes, and to be tandemly linked 
in the human genome (Buchberg et a/., 1989: Roberts et 
al y 1988). 

The tissue distribution of mRNA which hybridized 
with DNA encoding the two novel eph subclass 
members was assessed by Northern blot analysis 
(Figure 4). To ensure detection of only eek or erk tran- 
scripts, we used DNA probes and hybridization condi- 
tions which detected only single fragments on Southern 
blots of rat genomic DNA (data not shown). A rat eek 
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Kgnre 4 Northern blot analysis of the tissue distribution of eek 
and erk transcripts. Poly(A) RNA (2/ig) was extracted from rat 
smaJl intestine (lane 1), placenta (!ane 2X brain (lane 3* lung (lane 
41 kidney (lane S\ and testis (lane 6). After ge] electrophoresis and 
transfer the mRNA was hybridized with a rat eek cDNA probe 
^eekJCE, an ^IJkb fragment between -200 bp 3' to the stop 

±ni C -^ Cr: human ERK & no ™ °NA 

(nERK.DI2e, middle), or ^-actin DNA (Nudel et al 1983 
bottom); and then washed at 55°C 
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cDNA probe containing part of the 3'-untransP 
region detected hybridizing transcripts only in rat hf 
(Figure 4). Even with prolonged exposure, hybridizr 
was not detected in other tissues although mu# 
larger transcripts were weakly detected in brain (^ 
not shown). In contrast, a human ERK genomic pi 
hybridized to transcripts that were most abundaP 
lung (Figure 4) and that were also detected on proit 
ed exposure in placenta, brain, and kidney (data! 
shown). Hybridization with rat ^-actin DNA (Nuo# 
a/., 1983) verified that each lane had approximately 
same amount of mRNA and that the mRNA was up" 
(Figure 4). These tissue distributions of eek an<P 
RNAs differ from those of other known members 0 jf 
eph subclass: elk mRNA is present in testis as well § 
brain (Letwin et ai, 1988); eph mRNA in kidney F" 
liver as well as in lung (Maru et ai, 1988). Also, the^ 
of the eek and erk transcripts (both larger than- : 
rRNA, see Figure 4) were larger than those for eph 
ejK large enough to potentially encode an extracep 
ligand binding domain as well as the PTK cataF 
domain. gi 

A comparison of the predicted amino acid sequel 
of both eek and erk (Figure 1) suggests that eek andF 
may be new receptor-type PTKs of the eph subcF 
Pnmary structures for several members of the eph%$ 
class have been predicted to contain potential Iif *" 
binding regions .(Hirai et aU mi; Lindberg & HuiP 
1990; Lhotak et < 1991), although the ligands w!F 
bind these putative receptors are currently unkndf " 
Since oncogenic involvement has been implicated S 
the pmative ep h receptor PTK (Hirai et ai, 1987- Mp 
et < 1988, 1990), eek and erk also may play rolef 
certain types of neoplastic transformation. ^ 



Materials and methods 

Library screening, cloning and sequencing 

A random primed rat brain cDNA library constructtfF 
Agtl 1 (Auld et ai f 1988) was screened with an - 1 kb BaF' 
fragment encoding part of the kinase domain of guinea! 
1RR (residues 1058 to 1194, Shier & Watt, 1989). Insert & 
from one isolate, ,lreek.I8, was then used to screen anothef: 
brain cDNA library (Clontech) as well as a human gen ^ 
horary m ^Charon 4A (Lawn et at., 1978). In each litnl 
screen, duplicate nitrocellulose filters were hybridized in -3T 
formamide at 42*C (Wahl et aU 1979) with DNA prol 
labelled with [a 32 P]dCTP (Feinberg & Vogelstdn, 1983)11 
washed in 1 5 nun sodium chloride, 1.5 mM sodium citratel 
0.1% sodium dodecyl sulfate at 42°C Insert DNAs C 
-lreek.18, ^reek.32, >lheek.23 and xherk.7 were subcloned W 
vectors pEMBLI8 or 19 (Allison et a/„ 1985) and dele«l 
were created by restriction endonuclease digestion Sit|f 
stranded DNA templates were sequenced by the didc " 
copyright law (Title 1 7 t U.S. Code) 
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^ i using the Klenow fragment of DNA polymerase 
IIP?/ al^ 1977), with ambiguities resolved using the raodi- 
^DNA polymerase and dtTP (Tabor & Richardson, 
^quenase, USB). 

Ip and Northern blot analysis 

|fe DNAs from human leukocytes, cultured human 
§§ts, mouse fibroblasts or human-mouse somatic cell 
wJl®! 1 ™ et d - l99 °* Watt & WiUard, 19%) were 
Jill! restriction endonucleases and size fractionated 
|pikgarose gels before transfer to filters (Southern 1975* 
W&* 1979). Poly (A) RNA (2/ig), extracted using gua- 
jplhiocyanate (Chirgwin et aL, 1979) and fractionated on 
P$o(dT) column, was separated on a 1% formaldehyde- 



^ftgaA, Moyle, M., Shales, M. & Ingles, C J. (1985) Cell 
^|;5§9-610. h * 

jll&R., Serunian, L,A., Soltoff, S.P., Libby, P. & Cantlev 
|fg|l?89).C*tf, 57, 167-175. * 

Goldin, A.L, Krafte, D.S., Marshall, J., Dunn, J.M 
llirall, W.A., Lester, H.A., Davidson, N. & Dunn R J 
^Jg8). Neuron, 1, 449-461. 

Ipfcnach, R. & Chambon, P. (J981). Annu. Rev. Biochem 
|p£349-383. 

Ipcrg, A.M., Brownell, E., Nagata, S., Jenkins, N.A. & 
Iceland, N.G (1989). Genetics, 122, 153-161 

^1^;.^ A ' E " MacDon ald, RJ. & Rutter, 
» X(1979). Biochemistry, 18, 5294-5299. 

W^ s » A ' M - Ar( J uint » M., Braun, P.E., Roder, J.C., Dunn. 

®iS on ' T & ^ JC (,988) * Moi CelL BioL > 8> 

jIlP A R & Vogelstein, B. (1983). Anal Biochem., 132, 

|j| 2 S - K - Q uinn < A.M. & Hunter, T. (1988). Science, 241, 

Maru, Y., Hagiwara, K., Nishida, J. & Takaku, F. 
^*fp7). Science, 238, ! 71 7-1 720. 

IInT* T - & Co °P er ' JA * < 1985 )- Rev. Biochem., 54, 897- 

Ipuskas, A., Ellis, C, Pawson, T. & Cooper, J.A (1990) 
247, 1578-1581. 1 '* 

J - B - Watanabe, S.M. & Witte, O.N. (1984). Ce// 37 

gg|p5-1042. 

BP U *. S., Paulson, K.E. & Hanafusa, H. (1988). Mol 
^p/. fl/o/., 8, 554 1 -5544. 

Bmllui; U SIS* ^ B,ake ' °- & 

Diamond, D., Wozney, J.M. & Boedtker, H. 
Jli? 7 )- Biochemistry, 16, 4743-4751. 
lit' K., Yee. S.-P. & Pawson, T. (1988). Onco^, 3, 621- 

R A. & Hunter. T. (1990). Mol. Cell. Biol., 10, 6316- 




°7*'« p - Lc,win . K. & Pawson, T. (1991). Mol. 
lift flw/„ 1 1 , 2496-2502. 



NOVEL PROTEIN-TYROS1NE KINASES EEK AND £KK 1061 

agarose gel (Lehrach et al^ 1977) and transferred to nitrocellu- 
lose (Thomas, 1980>. Rat kidney ribosomal RNA was used as 
size markers. Filters were hybridized and washed as described 

above. 

Acknowledgements 

We thank S.M. Blaine and S. Runciman for technical assist- 
ance; M. Shales for computer assistance; V. Auld and R 
Dunn for the rat brain AgtU library; H.F. WiUard for the 
generous gift of genomic DNAs from human-mouse somatic 
cell hybrids; K. Letwin and T. Pawson for the gift of the rat 

e uF S£ 57^ f? i c / Inak * T - Pawson ' J - & «* and 

H.F. Willard for helpful discussions and critical review of this 
manuscript. This work was supported by the Medical 
Research Council of Canada. 



Martin-Zanca, D.. Hughes, S.H. & Barbacid, M. (1986) 
Nature, 319, 743-748. h 
Maru Y., Hirai, H., Yoshida, M.C & Takaku, F. (19881 Mol 

CelL Biol, 8, 3770^3776. 
Mam, Y., Hirai, H. & Takaku, F. (1990). Oncogene, 5, 445- 

P " G ' , Rhc *' S G & Humer> T ' (1989) * 

Nairn, A.C, Hemmings, H.C. & Greengard, P. (1985). Annu 

^.5/00^,54,931-976. 
Nudel, U. t Zakut, R., Shani, M., Neuman, S., Levy, Z. & Yafe 

D. (1983). Nucleic Acids Res., 11, 1759-1771. 
Roberts, W.M., Look, AT., Roussel, M.F. & Sherr, CJ. (1988). 

Cell, 55, 655—661. 
Sanger, F., Nicklen, S. & Coulson, A.R. (1977). Proc Natl 

Acad.Sci. USA, 74, 5463-5467. 

Shi ™ & Wa " T V M ' (1989) * J ' BioL Chem » 14 <*>5- 
14o08. 

Shier, P., WiUard, H.F. & Watt, V.M. (1990). Cytogenet. Cell 

GeneU, 54, 80-81. 
Smart, J.E., Oppermann, H., Czernilofsky, A.P., Purchio A F 

us!? 0 ^ wV3^M7 h ° P ' J (1981> " Pr0€ ' Natl SC *' 
Scares, M.B., Schon, E., Henderson, A., Karathanasis, S.K 

Cate, R., ZeitUn, S., Chirgwin, J. & Efetratiadis, A. (1985)! 

Mol. CelL BioL, 5, 2090-2103. 
Southern, E.M. (1975). J. Mol. BioL, 98, 503-517 

Ta ^ S oA-!il chards0n * CC (,987 >* Proc * Natl A<*d. ScL 
UbA, 84, 4767-4771. 

^5205** PS fl980) * /V ^ / ' ACad * Sd ' USA * ?7, 52 ° l " 

Towbin, H., Staehelin, T. & Gordon, J. (1979). Proc Natl 

Acad. Sci. USA, 76, 4350-4354. 
Ullrich, A. & Schlessinger, J. (1990). Cell, 61, 203-212 
Wahl, G.M., Stern, M. & Stark, G.R. (1979). Proc. Natl Acad 

ScL USA, 76, 3683-3687. 

Watt, V.M. & Willard, H.F. (1990). Human Genet., 85, 651- 
654. 

Yarden, Y. & Ullrich. A. (1988). Annu. Rev. Biochenu, 57, 443- 

478. 



sach libr 
ized in \ 
»NA prot& "j 
U 1983):ir 
citrate{i 
5NAs 
•cloned 
id deled 
ion. Sin| 
he didei 



Matenal may be protected by copyright law (Title 17, U.S. Code) 



Sent: 
To: 

Subject: 




Please provide the following refs: 
"^squaleetal., Cej ^Reg ulatiOT 2(7)523-34, July 1991 
Chan etaL, Oncogene 6(6)1057-61, 1991 
Thank you 



Michael T. Brannock, Ph.D. 
Patent Examiner, AU 1646 
Crystal Mall One, 9E13 
(703) 306-5876 
Mail Box in room 10C1 



-* ^'ficandTechnfcaf ' 
' Information Center 

' Fp 'l 8RK0 v-v 

p AT. & T.M. OFFICE 




